Laser-cladding is the process of producing metallurgically well-bonded coatings of a great variety of materials. With high-speed cladding, extremely ®ne and homogenous microstructures, characteristic of rapid processes, can be obtained. The hard and resistant laser-cladded iron-based coatings widely studied at present are Fe-ÓX-C (X Cr, Mn, W, B, etc.) systems [1±3] . Although the microstructural modi®cation of Fe-based alloys by laser-cladding with various compositions and process parameters has been demonstrated, only a small amount of atttention has been given to the microstructural characteristics and transformations of non-equilibrium and meta-stable phases, especially at elevated temperatures that control the mechanical properties of the coating. There is, therefore, a need for understanding the microstructural evolution of the clad coating during tempering.
The coating alloy is a powder mixture of Fe, Cr, W, Ni, and C with a weight ratio of 10:5:1:1:1. The substrate material is 5CrMnMo, in a quenched and tempered condition. Clad is carried out with a continuous wave 3 kW CO 2 , laser equipped with a powder delivery system and an argon gas-guidance device. The clad parameters are process speed of 17 mmas, laser beam of 2 mm diameter, laser power of 2 kW, and feed rate of 0.35 gas. The as-solidi®ed microstructures and phase transitions during tempering at 923 K for 2 h were analyzed by analytical transmission electron microscopy. Fig. 1 shows the TEM micrographs of the coating. The primary phase of solidi®cation was determined to be austenite, ã e 0261-8028 # 1998 Kluwer Academic Publishers with a dendritic morphology, as shown in Fig. 1a. Fig.  1b is a bright-®eld TEM micrograph, revealing an interdendritic lamellar eutectic composed of austenite, ã d , and hexagonal M 7 C 3 (M Cr, Fe, W, Ni) carbides. Fig. 1c is a diffraction pattern, with indexing taken from the primary austenite of Fig.  1a. Fig. 1d is a selected area diffraction pattern with indexing taken from an area covering an M 7 C 3 and surrounding the austenite of Fig. 1b . The diffraction pattern of plate-like M 7 C 3 carbides with a dark contrast shows a characteristic six-fold symmetry, and the unit cell dimensions of crystal structure are a 0 1X387 nm and c 0 0X496 nm. Thus, the microstructure is of hypoeutectic feature, i.e., ã e (ã d M 7 C 3 ). The experimental result is consistent with the previous study [3] . M 7 C 3 is a meta-stable phase and its decomposition temperature is about 873 K [4]. Thus, the dissolution and transformation of M 7 C 3 may occur during high-temperature tempering. Fig. 2a shows an in situ transformation of M 23 C 6 from M 7 C 3 carbides. Granular M 23 C 6 carbides may form directly inside M 7 C 3 or at the M 7 C 3 aaustenite interface. A lot of M 23 C 6 carbides also precipitate within austenite. Fig. 2b is a selected area diffraction pattern with indexing taken from an area covering M 7 C 3 , M 23 C 6 and the surrounding austenite. Figs 3a and b are bright-and dark-®eld TEM micrographs, illustrating plate-like M 23 C 6 carbides with twin substructures precipitated from eutectic austenite. Fig. 3c is a diffraction pattern with 
